Yersinia strains frequently harbor plasmids, of which the virulence plasmid pYV, indigenous in pathogenic strains, has been thoroughly characterized during the last decades. Yet, it has been unknown whether the nonconjugative pYV can be transferred by helper plasmids naturally occurring in this genus. We have isolated the conjugative plasmids pYE854 (95.5 kb) and pYE966 (70 kb) from a nonpathogenic and a pathogenic Yersinia enterocolitica strain, respectively, and demonstrate that both plasmids are able to mobilize pYV. The complete sequence of pYE854 has been determined. The transfer proteins and oriT of the plasmid reveal similarities to the F factor. However, the pYE854 replicon does not belong to the IncF group and is more closely related to a plasmid of gram-positive bacteria. Plasmid pYE966 is very similar to pYE854 but lacks two DNA regions of the larger plasmid that are dispensable for conjugation.
There is only scarce information available about self-transmissible plasmids in Yersinia. All pathogenic Yersinia strains harbor a conserved nonconjugative 70-kb virulence plasmid (pYV) encoding a type III secretion/transfer system and Yops (Yersinia outer proteins), which play a major role in virulence (10) . Loss of the plasmid leads to a loss of virulence (42) . Since the plasmid contains a gene for a lipoprotein that is 80% identical with the TraT proteins of F and R100, it has been suggested that pYV at one time was a conjugative plasmid (1, 7) . Moreover, pYV of Yersinia pestis can be mobilized in Escherichia coli by the F factor, indicating that it contains a functional transfer origin (oriT). Allen et al. (1) identified a recombinant plasmid containing a 5.5-kb fragment of pYV which was efficiently mobilized by F. The restriction fragment was mapped and assigned to be part of the pYV low-calcium response (lcr) region. Yet the oriT sequence of this plasmid has not been determined. The lcr region of the Yersinia virulence plasmid is conserved in the three medically important species, which implies that the pYV plasmids of all pathogenic Yersinia strains are probably mobilizable. As F is not common in Yersinia, the question arises whether endogenous Yersinia plasmids are also able to mobilize pYV. Cornelis et al. (9) reported on a conjugative lac plasmid that is freely transmissible between strains of Yersinia enterocolitica and E. coli. Other authors described self-transmissible R plasmids in Yersinia that confer resistance against various antibiotics (20, 23, 24, 35) . The conjugation of a streptomycin resistance plasmid between E. coli and Y. pestis was even demonstrated in the flea midgut (32) . Strauch et al. (48) analyzed a recombinant cosmid containing the conjugative transfer system of a cryptic Y. enterocolitica plasmid. However, none of these plasmids was investigated in terms of its potential to mobilize pYV. Furthermore, sequence data disclosing the relationship of the Yersinia plasmids to other plasmids are missing. This lack of knowledge prompted us to screen our Yersinia strain collection for the presence of large plasmids that were marked by antibiotic resistance genes and to use them for mating experiments. Two related self-transmissible plasmids have been isolated: pYE854 (95.5 kb) from the nonpathogenic Y. enterocolitica serogroup O:5 biogroup 1A strain 29854 and pYE966 (approximately 70 kb) from the pathogenic Y. enterocolitica serogroup O:5,27 biogroup 2 strain 966/89. Basic characteristics of the plasmids have been previously described (29) .
Here, we present the complete sequence analysis of plasmid pYE854 and data on the conjugative properties of the plasmid, including its capability to mobilize the Yersinia virulence plasmid pYV. The study was undertaken to assess the potential for pYV dissemination in Yersinia populations. Y. enterocolitica is a heterogenous species consisting of approximately 70 serogroups, of which only some (O:3, O:8, O:9, O:5,27) are known to be pathogenic in humans (4) . Reports describing pYV in environmental Yersinia strains are yet not available, but some strains harbor plasmids displaying homologies to pYV (33) . We therefore wanted to find out whether gene exchange by conjugation might be common between Yersinia strains.
MATERIALS AND METHODS
Bacterial strains, media, and growth conditions. The strains used in this study are listed in Table 1 . Escherichia coli strains DH5␣ (51) and Genehogs (Invitrogen) were used as hosts for cloning procedures. All strains were grown in Luria-Bertani (LB) broth. Apart from Yersinia strains, which were cultivated at 28°C, all strains were incubated at 37°C. Solid agar media contained 1.8% (wt/vol) agar. When required, ampicillin and kanamycin were supplemented at 100 g ml Ϫ1 and chloramphenicol and tetracycline at 12.5 g ml Ϫ1 . Conjugation and mobilization experiments. Matings in which Yersinia strains were used as donor or recipient were carried out at 28°C. All other mating experiments were conducted at 37°C. Strains were grown in LB broth to an A 600 of 0.3. A 500-l amount of the donor bacteria was mixed with 4.5 ml of the recipient. The bacteria were sedimented at 5,000 ϫ g for 5 min, resuspended in 100 l LB broth, and streaked on a Millipore filter (pore size, 0.45 m; diameter, 25 mm) placed on an LB agar plate (8) . The filters were incubated for 12 h at 28°C or 37°C. Thereafter, cells were suspended in 1 ml 0.7% saline solution and 100-l aliquots of serial dilutions were plated on selective agar containing the appropriate antibiotics. Transfer frequencies were calculated by the ratio of transconjugants per donor cell.
In vivo mutagenesis of the conjugative plasmids. Plasmids containing either a kanamycin (Km r ) or a chloramphenicol acetyltransferase (Cm r ) resistance gene were created by in vivo transposon mutagenesis of the host strains using the mini-Tn5 transposon derivative pUT described by de Lorenzo et al. (13) and Herrero et al. (28) . Y. enterocolitica strains harboring plasmid pYE854 or pYE966 were used as recipients for filter mating experiments with E. coli strain S17-1 pir containing pUTKm or mini-Tn5 Cm (Table 1) . Transconjugants were selected on CIN agar (45) supplemented with the appropriate antibiotic. To detect plasmids in which the resistance gene had been inserted, plasmid DNA was isolated from the mutants and subjected to restriction analysis and hybridization with the transposon delivery vectors. The insertion sites of the resistance genes were determined by cloning DraI restriction fragments of the pYE854 mutants with the help of the vector pLitmus38 (Ap r ; New England Biolabs). Sequencing was performed using primers deduced from the marker genes.
Nucleotide sequence determination and analysis of plasmid pYE854. For shotgun sequencing of pYE854, a fragment library was constructed. Small (1.8-to 2.2-kb) DNA fragments of the plasmid were generated by ultrasonic treatment. After end repair with T4 polymerase (Roche), 10 g DNA was loaded onto an agarose gel (0.9%). DNA fragments of the appropriate size were excised from the gel. The extracted DNA was cloned into the vector pUC19 cleaved with SmaI (Roche).
DNA sequencing reactions were set up using an Applied Biosystems BigDye Terminator version 3.1 cycle sequencing kit. We have sequenced the shotgun clones from both sides up to a sixfold genome coverage using an ABI 3730 XL sequencer. The data assembly was accomplished by using Staden Package software version 4.6 (Roger Staden, Cambridge, United Kingdom). Gap closure was performed by combinatorial PCR and sequencing of the generated PCR fragments. Sequence analyses were performed by using the MacVector 8.0 software of the Oxford Molecular Group. Blast searches were carried out with the NCBI database, and the GAP program of the GCG package (14) was used for calculating similarity and identity values.
To determine putative promoters, the 300-bp upstream regions of pYE854 open reading frames (ORFs) were analyzed for the existence of Ϫ35 and Ϫ10 consensus sequences (TTGACA-N 15-20 -TATAAT) described by Hawley and McClure (27) and Harley and Reynolds (26) . To identify the origin of transfer (oriT) of pYE854, the complete nucleotide sequence was analyzed for the existence of consensus sequences for the oriT nic region families described by Zechner et al. (52) .
Construction of replicative miniplasmid derivatives of pYE854. For all DNA manipulations, standard techniques were applied (44) . To identify regions essential for plasmid replication, miniplasmid derivatives of pYE854 were created by cleavage of the plasmid DNA with various restriction endonucleases. Restriction fragments bearing overhanging ends were trimmed with T4 polymerase (New England Biolabs). The tetracycline resistance gene (tetA) of Tn5 was amplified by PCR using plasmid pBR327 as template and was ligated to the restriction fragments of pYE854.
Cloning of restriction fragments and of the oriT region of plasmid pYE854. Covalently closed circular plasmid DNA purified by cesium chloride gradient centrifugation (44) was digested with the restriction endonucleases ClaI and HindIII. The fragments were inserted into the corresponding sites of pIV2 (Km r ) (49) . The constructs were introduced into the E. coli strain Genehogs. Recombinant plasmids were characterized by restriction analysis and sequencing. Plasmids containing ClaI restriction fragments resulted in the pJH800 series, and those harboring HindIII restriction fragments gave the pJH900 series (see Fig. 4 ). One of the recombinant plasmids described above, pJH907, was shown to be mobilizable by plasmid pYE854. To identify the oriT sequence on pJH907, its 4.2-kb HindIII insert was digested with EcoRI, yielding two restriction fragments that were cloned by use of the vector pIV2, resulting in the plasmids pJH907-A and pJH907-B. oriT located on plasmid pJH907-B was defined by constructing smaller PCR fragments using forward primers containing a HindIII site and reverse primers containing an EcoRI site, respectively (see Table S1 in the supplemental material). The PCR products were digested with the corresponding restriction endonucleases and inserted into the EcoRI and HindIII sites of pIV2. E. coli DH5␣ transformants containing one of the resulting plasmids, pJH907-C to -G, and either pYE854 or pYE966 were investigated in terms of mobilization of the constructs by the conjugative plasmids (see below).
Nucleotide sequence accession number. The complete sequence of plasmid pYE854 has been submitted to the EMBL databank under the accession number AM905950.
RESULTS
The self-transmissible plasmid pYE854 is able to mobilize pYV. Plasmid pYE854 was detected in nonpathogenic Y. enterocolitica biogroup 1A strain 29854 recovered from food (Table 1). Strain 29854 also contains the 46.3-kb linear plasmid prophage PY54 which has already been described in more detail (30, 31) . To allow selection for pYE854, its host strain was subjected to in vivo mutagenesis with a kanamycin resistance gene (see Materials and Methods). Mutants containing the marker gene on pYE854 were detected by DNA hybridization and analyzed to determine the insertion site ( Table 2 ). In addition, the conjugative properties of the mutants were studied. For filter mating experiments, mutant I1/01 was chosen as the donor in which the resistance gene had inserted within an intergenic region (plasmid position 47050), retaining high-frequency transmission of the plasmid. Selection of the recipients (Table 1) was achieved by transforming gram-negative strains with the vector pBR327 (Ap r Tc r ) that is known to be nonmobilizable (12) . The Bacillus strains possessed an intrinsic tetracycline resistance. Transconjugants were analyzed with respect to their plasmid content and by typing. We observed the transfer of pYE854-I1/01 into a wide range of Yersinia strains and into some other genera belonging to the family Enterobacteriaceae, e.g., Citrobacter, Escherichia, Salmonella, and Shigella, but not into Bacillus species (Table 3 ). The highest transfer frequencies (10 Ϫ1 to 10 Ϫ2 /donor) were obtained when Yersinia strains were used as donor and recipient, while the efficiencies of conjugation into other genera were determined to be several orders of magnitude lower (Table 4) . We studied the stability of pYE854-I1/01 in E. coli for approx- imately 100 generations under nonselective conditions and could not detect any significant loss of the plasmid. Thus, pYE854 replication is not restricted to Yersinia. Furthermore, plasmid analyses of the transconjugants disclosed that the conjugative plasmid is compatible with the Yersinia virulence plasmid pYV (Fig. 1 ).
Up to now, it has not been elucidated whether pYV can be mobilized with the help of another plasmid naturally occurring in this genus. To answer this question, plasmid pYE854-I1/01 was introduced into Yersinia pseudotuberculosis strain 1340 (Table 1) , whose virulence plasmid (p1340) is marked with a cat gene inserted adjacent to yadA. Following this step, the resulting strain containing both plasmids was used as a donor strain in mating experiments with various recipients harboring pBR327. Triply resistant transconjugants containing the plasmids pYE854-I1/01, p1340, and pBR327 could be isolated 1A and C, lanes 5, 6, 8, and 9 ). DNA hybridization also revealed weak homology between pYE854-I1/01 and p1340 (Fig.  1B, lane 2) . It cannot be ruled out that, especially in cases of low transfer frequency, a cointegrate between pYE854 and pYV was formed. However, cointegrate formation has never been observed in the donor strain or any of the analyzed transconjugants. For the mating experiments, we also used as donor an E. coli K12 strain in which plasmid p1340 had been introduced by electroporation and pYE854-I1/01 by subsequent conjugation. Even from E. coli K12, plasmid p1340 was transmitted to pathogenic Y. enterocolitica strains (Fig. 1A and C, lanes 7 and 10), albeit with reduced frequencies (Table 4) . Similarly to p1340, pYV of the Y. enterocolitica serogroup O:3 strain 13169 (Table 1) was transmitted, a result that documents that the virulence plasmids of both Y. enterocolitica and Y. pseudotuberculosis can be transferred with the help of pYE854. Overall sequence analysis of pYE854. The complete nucleotide sequence (95,499 bp) of pYE854 has been determined. The plasmid has an average GϩC content of 42.3%, slightly lower than the 48.5% Ϯ 1.5% (mean Ϯ standard deviation) reported for the host Y. enterocolitica (5) . However, the GϩC contents of different ORFs vary in the range from 28% to 60%. The bioinformatic analysis revealed 232 ORFs with potential coding capacity (minimum protein size, 50 amino acids) and an ATG start codon (see Table S2 in the supplemental material for details). Both DNA strands of the plasmid contain an equal number of ORFs. The database search gave matches for 80 deduced gene products with identities to other protein sequences of between 27% and 100% (Table 5 ). We did not detect genes obviously encoding known virulence factors or genes conferring antibiotic resistance. The strongest overall similarities found were to transfer proteins of Yersinia bercovieri and the F plasmid, but significant homologies also exist to proteins belonging to a phosphotransferase system (PTS) of Vibrio vulnificus.
Two DNA regions encoding transfer proteins are essential for conjugation. The genetic map of pYE854 shows two regions (Tra1 and Tra2) which probably encode a conjugative transfer system. Similar to IncP plasmids, e.g., RP4 and R751, the Tra regions of pYE854 are separated (Fig. 2) . The analysis of the Tra1 region revealed two products (ORF 30 and ORF 36) which are presumably involved in DNA transfer replication and coupling. The putative coupling protein (ORF 30) is related to the TraD of the F factor, which belongs to the TraG family of coupling proteins. It contains motifs that are important for DNA transfer (46) . The ORF 36 product might code for a major component of the pYE854 relaxosome. This protein contains sequence motifs that are characteristic for known relaxases and TraI helicases, showing that it belongs to superfamily 1 of the helicases (Fig. 3) cleavage and rejoining reactions at the plasmid-encoded nic site (oriT). The origin of transfer is typically located next to the DNA processing genes. Approximately 500 bp upstream of ORF 30, we identified a sequence motif similar to the oriT nic region of the F factor (Fig. 4) . For functional analyses, a 4.2-kb HindIII restriction fragment containing this motif was inserted into the nonmobilizable vector pIV2 (see Materials and Methods). The recombinant plasmid pJH907 was mobilized by [25] ). *, for the consensus sequence Ia, several possible motifs have been identified (data not shown). The position of the first amino acid residue of each motif of pYE854 is given. aa, amino acids. Amino acid residues identical in motifs of TraI of pYE854 and other helicases are indicated by bold letters. ϩ and O represent a hydrophobic and a hydrophilic residue, respectively. Residues not restricted to being hydrophobic and hydrophilic are represented by an X. pYE854 with frequencies of up to 10 Ϫ3 per donor, whereas other HindIII restriction fragments of a pYE854 library did not mediate mobilization. By stepwise reduction of the 4.2-kb fragment, the functional oriT core region was narrowed down to 309 bp (Fig. 4) . Adjacent to the oriT sequence lies a 30-bp palindrome. Partial removal of the palindrome resulted in a loss of mobilization, demonstrating that the repeat is also essential for plasmid transmission. To exclude the presence of other oriT sequences on pYE854 that might have been inactivated by HindIII cleavage, a ClaI restriction fragment library was examined in terms of mobilization. Only the 3.9-kb restriction fragment of plasmid pJH808 overlapping with the 4.2-kb HindIII fragment of pJH907 conferred mobilization of the vector pIV2 (Fig. 4) . Hence, pYE854 harbors a single origin of transfer located within the Tra1 region. Since the oriT sequence is located on the minus strand of pYE854, DNA transfer is initiated at the left end of the Tra1 region and ends with the transmission of the Tra1 genes.
Besides the aforementioned products, the Tra1 region might code for additional proteins crucial for conjugation. Possible candidates are the products of ORFs 40, 43, and 45, which are similar to a restriction endonuclease, a lytic transglycosylase, and a DNA-binding protein, respectively, though it remains open which role these proteins might play in DNA transfer.
The Tra2 region is approximately 20 kb in length and contains 17 ORFs whose products show homologies to known proteins (Fig. 2) . Eleven of the deduced amino acid sequences are similar to transfer proteins. The majority of the transfer proteins are highly homologous to proteins of Y. bercovieri strain ATCC 43970, with identities between 94% and 100% (Table 5) . Unfortunately, there is yet no information available about plasmids of this species. Nevertheless, a stretch of 33 kb (pYE854 positions 51500 to 84500) is nearly identical to a published whole-genome shotgun sequence (Y berA_01_29, NCBI accession no. NZ_AALC01000029) of the Y. bercovieri strain. This stretch comprises the whole Tra2 region and adjacent DNA sequences of pYE854 (see below). The ORF analysis suggests that, in the Tra2 region, mating-pair formation (Mpf) proteins are encoded. Mpf proteins form a membrane-associated apparatus that synthesizes and assembles mature conjugative pili on the cell surface. The conjugative pili facilitate the initial contact with the recipient cell, resulting in   FIG. 4 . Isolation of the pYE854 oriT region. The upper panel shows the linear gene map of pYE854 and a restriction fragment library (pJH800 series ClaI fragments and pJH900 series HindIII fragments) used to identify the oriT sequences present on pJH808 and pJH907. In the middle, the 4.2-kb HindIII restriction fragment of pJH907, which was further reduced in size, is depicted. The smallest DNA fragment conferring mobilization has a size of 309 bp (pJH907-F). ϩ, transfer occurred; Ϫ, transfer did not occur. The lower panel illustrates an alignment of the oriT sequences of pYE854 and some other, related plasmids. A shaded background marks positions where two different types of nucleotides may occur. Nucleotides conserved within the oriT nic regions are depicted in bold letters. In cases where the cleavage site has been determined, it is indicated by an arrowhead. On the right, the sequence of the flanking palindrome, which is also essential for conjugation, is shown.
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the formation of a stable mating pair. The pYE854 products are related to Mpf proteins of several transfer systems, e.g., F and R100 (IncF), R27 (IncH), RP4 (IncP), and R388 (IncW), and of the type IV secretion system of the Ti plasmid of Agrobacterium tumefaciens.
To determine which of the pYE854 tra genes are essential for conjugation, the plasmid was mutagenized by using an in vivo transposon mutagenesis system (see Materials and Methods). The analysis of the insertion sites of the marker gene disclosed that many insertions occurred hot spot-like within transposase genes (data not shown). However, insertions were also found in other ORFs ( Table 2 ). All mutants were investigated in terms of their capability to conjugate and to mobilize pYV. Not surprisingly, insertions leading to a loss of conjugation and mobilization were mainly found in ORFs located in the Tra regions. All seven insertions within the putative traI gene (ORF 36) resulted in a deficit of transfer. Within the Tra2 region, several genes supposed to be important for conjugation were mutagenized (Table 2) . Insertions in ORF 164 (TraN) only decreased mating ability slightly, consistent with the results of observations of plasmids F and R100-1 (37) . All other insertions yielded defective mutants unable to conjugate and to mobilize the Yersinia virulence plasmid. In addition to tra, insertions resulting in a negative Tra phenotype were also observed in ORF 122. The function of this gene is not known. Its predicted product shows some similarity to a permease of Yersinia belonging to the major facilitator superfamily which comprises translocators exporting antibiotics and other small molecules.
The pYE854 replicon belongs to a new incompatibility group. A search for ORFs encoding probable Rep proteins was undertaken to identify DNA regions on pYE854 which might be important for plasmid replication. Two genes (ORF 11 and ORF 187) possibly involved in replication have been detected. While the deduced ORF 11 product shows some similarity to a primase of Clostridium difficile, ORF 187, located upstream of the Tra2 region, encodes a protein that is similar (30% identity) to the Rep protein of the Clostridium perfringens plasmid pIP404 (Table 5 ). The rep gene of pIP404 is sufficient, in conjunction with some repetitive origin-like sequences located downstream of the gene, to drive plasmid replication (21, 22) . We constructed a replicative miniplasmid derivative of pYE854 by digesting the plasmid with PstI and ligating the resulting restriction fragments with a tetracycline resistance gene. Upon transformation of E. coli DH5␣, plasmid pJH1010, comprising the 50,189-bp PstI restriction fragment and tet (Fig.  5) , was isolated. By using other restriction endonucleases, the size of the minimal replicon could be further reduced. The smallest miniplasmid, pJH1015, is composed of the 8,350-bp NdeI restriction fragment of pYE854 ligated to the tetracycline resistance gene. Besides ORF 187, pJH1015 contains the pYE854 ORFs 183, 185, 191, 194, 196, and 202 (Fig. 5) . The relationship of the putative ORF 187 product to a replication protein of Clostridium prompted us to investigate whether pJH1015 may replicate in gram-positive bacteria. For that reason, several Bacillus strains belonging to various species (see Table S1 in the supplemental material) were transformed with the plasmid. We could not isolate any transformant containing pJH1015, while plasmid pUB110 (36) could be readily introduced into the bacteria, indicating that the pYE854 derivative does not replicate in Bacillus species.
To determine the incompatibility group of pYE854, the PCRbased replicon typing scheme developed by Carattoli et al. (6) , which covers 18 common plasmid incompatibility groups among the Enterobacteriaceae, was applied. Since the recommended primers did not match pYE854, the incompatibility determinants of the reference plasmids were amplified by PCR and the products were hybridized with pYE854. Even by Southern hybridization, pYE854 could not be affiliated to one of the 18 incompatibility groups (data not shown). We also studied incompatibility under in vivo conditions by introducing pYE854 into E. coli strains containing plasmids belonging to the Inc groups A, B, C, H, I, J, M, N, P, or Q (data not shown). The Yersinia plasmid showed compatibility to all of the investigated replicons. Hence, pYE854 belongs to a new incompatibility group.
Plasmid maintenance is accomplished by a partitioning and an addiction system. Next to the putative rep gene of pYE854, there are two ORFs (191 and 194) which apparently belong to a plasmid partitioning system (Fig. 2) . Their predicted products are nearly identical to proteins of Y. bercovieri and also related to partitioning proteins (Par) of IncP plasmids (Table  5) . While the ORF 191 product is similar to ParA-like ATPases, the deduced product of ORF 194 may represent the transcriptional repressor ParB. This protein binds to a centromere target site (parC) which consists of repetitive sequences often situated close to the par operon. A search for possible centromere sites revealed 14 nearly identical copies of a 16-bp palindromic sequence scattered on pYE854 (Fig. 5) . Three copies of this sequence are located upstream of the parA gene. This region also contains a number of possible promoter sequences, which suggests that the detected repeats are binding sites for the partitioning proteins and probably involved in the autoregulation of par expression.
Stable maintenance of pYE854 might also be achieved by an addiction system (toxin-antitoxin system) responsible for postsegregational elimination of plasmidless cells from a bacterial population. ORFs 15 and 16 apparently encode a toxin and an antitoxin, respectively. Both products are similar to proteins of the bacteriophage N15 that were shown to stabilize heterologous replicons (15) . Moreover, overexpression of the N15 toxin gene in E. coli resulted in a bacteriostatic effect discernible by elongation of bacterial cells and growth cessation. To find out whether the pYE854 ORF 15 also has adverse effects on bacterial growth, the gene was amplified by PCR and inserted into expression vector pMS470⌬8, which contains an inducible tac promoter (3). Upon transformation, the isolated E. coli clones were analyzed by sequencing. All plasmids revealed mutations within ORF 15 leading to amino acid exchanges which probably inactivated the toxin. As the cloned DNA fragment is very small (333 bp), it can be assumed that the intact gene has deleterious effects on the bacteria. This was corroborated by the fact that we could clone PCR fragments containing either the antitoxin gene or both the toxin and antitoxin genes.
Plasmid curing was examined by treating Y. enterocolitica strain 29854 with acridine orange at a 0.1 mM concentration. Using this concentration, the plasmid could easily be cured from its original host strain (data not shown).
pYE854 is a cryptic plasmid. As mentioned above, we identified a stretch of genes (ORFs 73, 75, 79, 82, 86, and 89) on pYE854 which obviously code for components belonging to a PTS (Fig. 2, Table 5 ). A similar cluster exists in V. vulnificus YJ016 and also in Psychromonas and Y. pseudotuberculosis. The products of this gene cluster might be important for the uptake of mannose and fructose. By using an API 50 CHB/E system (bioMerieux, Nürtingen, Germany), we tested if a Yersinia strain harboring pYE854 is more capable of utilizing sugars and other carbohydrates than the respective strain without the plasmid. We did not detect any differences between the strains. Thus, it is doubtful whether the gene cluster plays a role in bacterial growth. The same holds true for ORFs 97 and 219, whose predicted products show a relationship to proteins involved in heavy metal resistance (Table 5) . A test on agar containing arsenic, cadmium, cobalt, or zinc revealed the sensitivity of the Yersinia strains to these elements, regardless of the plasmid content. Therefore, at the present level of knowledge, pYE854 has to be considered cryptic.
pYE966, a pYE854-related plasmid of a pathogenic Y. enterocolitica strain. Mating studies conducted with pYE854 showed that this plasmid is transmissible with high frequencies. To find out whether similar plasmids are prevalent in Yersinia, we used pYE854 as the probe for DNA hybridization experiments with plasmid preparations of approximately 50 strains of the BfR strain collection. One of the plasmids investigated, pYE966, isolated from pathogenic Y. enterocolitica serogroup O:5,27 strain 966/89 (Table 1) displayed strong hybridization signals (Fig. 6) . According to the restriction patterns obtained, pYE966 has an approximate size of 70 kb. Two DNA regions of pYE854 are obviously missing in the smaller plasmid (Fig.  2) . Using primers deduced from pYE854, genes of plasmid pYE966 coding for a number of transfer proteins, the putative replication protein (ORF 187 product), and the partitioning and addiction systems were amplified and sequenced (data not shown). In addition, the oriT region of pYE966 was analyzed. We detected only single mismatches to the pYE854 sequences that did not result in amino acid exchanges, confirming that the plasmids are closely related. The conjugative properties of pYE966 have been studied and compared to those of pYE854. Like its larger relative, pYE966 is a self-transmissible plasmid that is able to mobilize pYV, with slightly higher efficiencies even than pYE854 (Table 4 ). These findings document that the DNA regions of pYE854 which are missing in pYE966 are apparently not important for plasmid transfer.
DISCUSSION
The Yersinia virulence plasmid pYV can be mobilized by conjugative helper plasmids. Allen et al. (2) However, there is no report on the transmission of pYV of these species. Moreover, mobilization of the virulence plasmid by Yersinia donor strains harboring an indigenous conjugative plasmid has not been described yet. As there was a gap of knowledge about self-transmissible plasmids in Yersinia, we searched for conjugative plasmids and isolated two similar plasmids, one from a pathogenic and the other from a nonpathogenic Y. enterocolitica strain. Both plasmids have the potential to mobilize pYV of Y. pseudotuberculosis and also the virulence plasmid of Y. enterocolitica. A closely related conjugative plasmid might also be present in Y. bercovieri strain ATCC 43970 because more than 50% of the pYE854 DNA sequences, including those encoding transfer and replication proteins, were identified in this species. Thus, a group of related, self-transmissible plasmids is possibly widespread in Yersinia. This speculation is underpinned by our data on the transfer properties of the conjugative plasmids. We observed conjugation with high frequencies into a broad range of Yersinia strains. The mobilization of pYV was less efficient and restricted to pathogenic Yersinia strains and one of the biogroup 1A strains investigated. Therefore, dissemination of the virulence plasmid within Yersinia populations (e.g., in pigs) which often comprise pathogenic and nonpathogenic strains cannot be ruled out but does not seem to be very common. The sequence analysis of pYE854 and pYE966 demonstrated that these plasmids are very similar. They show a relationship to the F factor, especially in the transfer regions, which, unlike the tra operon of F, are separated on the Yersinia plasmids. In F, four proteins (TraD, TraI, TraM, and TraY) are involved in DNA metabolism during transfer (16) . The sequence analysis of pYE854 revealed two products (TraD and TraI) that might be part of the relaxosome of this plasmid.
Counterparts to TraM and TraY of the F factor have not been identified. Interestingly, the oriT of pYE854, which is also similar to those of the F group, was identified contiguous to the predicted traD gene, while the oriT of the F factor lies adjacent to the traM gene, approximately 23 kb away from traD (50) . We have investigated whether F is able to mobilize a recombinant plasmid containing the oriT of pYE854 but could not detect any transmission of this plasmid (data not shown). Hence, although some proteins of the pYE854 relaxosome and the oriT sequence are similar to F, other transfer proteins and/or binding sites (e.g., for IHF, TraM, or TraY) are apparently too divergent to allow mobilization. We also searched for possible oriT sequences on the Yersinia virulence plasmid, especially within the lcr region. Several families of oriT nic regions and the oriT of pYE854 provided the basis for the search (52). Numerous sequences have been detected all over pYV, but none revealed strong similarity to one of the compared sequences. Therefore, the determination of the oriT of pYV requires further experiments, as already performed with pYE854.
Among the deduced pYE854 products belonging to the Mpf system, we found seven proteins showing similarity to pilus assembly proteins (TraB, TraC, TraE, TraF, TraH, TraU, and TrbC) of the F factor (19) . Their predicted molecular masses are also in good agreement with those of the corresponding F proteins. The same holds true for two pYE854 products that are related to the mating-aggregate stabilization proteins TraG and TraN of F (17, 41) . By contrast, a product similar to the pilus subunit pilin of F is not encoded by pYE854 (18) . Taking the data on similarities of the transfer proteins and the oriT together, it can be reasoned that pYE854 and pYE966 are F-like plasmids, though this classification does not refer to the replicons of the Yersinia plasmids.
We could not allocate the plasmids to a known incompatibility group. Their replicons show some relationship to the Clostridium plasmid pIP404 but are obviously not functional in gram-positive bacilli. Stable replication in members of the Enterobacteriaceae apparently requires the partitioning system because we were unable to isolate a replicative miniplasmid de- FIG. 6 . Southern hybridization of pYE854 with pYE966. Several restriction digests of pYE854 were separated on an 0.8% agarose gel and hybridized to labeled pYE966 DNA. Lane M, marker ( Eco130I); lanes 1, 3, and 5, pYE854; lanes 2, 4, and 6, pYE966.
prived of the par operon. Since four identical copies of the predicted centromere sites are situated close to or within the par operon, it can be assumed that they are also of importance for miniplasmid maintenance. The stabilization of the native plasmids might be accomplished by additional centromere-like sites scattered on the plasmids and by an addiction system. Interestingly, the identified toxin-antitoxin system is related to that of the temperate E. coli phage N15, whose prophage is a linear plasmid (43) . Besides pYE854, Y. enterocolitica strain 29854 harbors the linear plasmid prophage PY54, which is related to N15 but does not possess an addiction system. This observation raises the question of whether the addiction system of pYE854 was once acquired from PY54.
The isolated conjugative plasmids are large in size and contain numerous ORFs, but at present, they have to be regarded as cryptic. This might be caused by the fact that only 25% of the deduced gene products revealed similarities to known proteins. Apart from tra genes and those implicated in plasmid replication and maintenance, the functions of the ORFs could not be assigned. Although genes potentially encoding a PTS or conferring heavy metal resistance have been identified on pYE854, we were not able to demonstrate the respective functions. Perhaps additional genes essential for functionality are lacking on the plasmid, or we did not test for the right compounds (e.g., heavy metals). However, it has also been reported that PTSs are sometimes associated with bacterial virulence (53) . The question of whether pYE854 plays a role in the virulence of Yersinia cannot be answered at the moment. Besides the PTS genes, the plasmid contains two genes (ORF 62 and ORF 73) whose products are similar to a hyaluronate lyase and a glucuronyl hydrolase, respectively, of Vibrio, proteins which are suggested to be virulence factors of some grampositive pathogens (34, 40) . Nevertheless, the finding that Y. enterocolitica 29854 can be cured from its conjugative plasmid without any consequences for growth in broth suggests that pYE854 and, presumably, also pYE966 are not pivotal for the bacteria under laboratory conditions.
